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Title Of Invention 

A method for controlling a rotary tablet press 
and such a press 

5 CroS9-Reference To Related Applications 

Not Applicable 

Statement Regarding Federally Sponsored Research Or 
Development 
10 Not Applicable 

Reference To A Microfiche Appendix 
Not Applicable 

15 Background Of The Invention 

The present invention relates to a method for 
controlling a tablet press, whereby powder or granu- 
lar material is compressed in dies arranged circum- 
ferentially in a rotary die table by means of recip- 

20 rocating punches. 

Furthermore, the present invention relates to a 
rotary tablet press comprising a housing and a rotary 
die table having a number of dies arraoiged circumfer- 
entially, each die being associated with first and 

25 second punches, each punch having first and second 
ends, said first pxinch ends being receivable in the 
die and arranged for compression of a powder or 
granular material in the die. 

In prior art tablet presses, the quantity of 

30 material supplied to each die is automatically regu- 
lated during production on the basici of previously 
measured values of a parameter representative of the 
weight of the quantity of material compressed. 

GB 1 534 061 (Courtoy) discloses a rotary tab- 

35 let press, whereby the weight of tablets is regulated 

1 
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by retroaative control of their size when compressed 
at substantially constant pressure during manufac- 
ture. The die fill depth is regulated on the basis of 
measured displacement values of onie of the .compres- 
5 sion rollers during compression of tablets. The dis- 
placeable compression roller is suspended in a piston 
slidable in a cylinder, the internal pressure of 
which is maintained constant, 

US 3,734,663 discloses a conpressing apparatus 

10 having die filling means adapted to filT^ die with 
formable material, adjustable means for regulating 
the amount of formable material received in the die 
and force applying means for applying compressing 
force to the material within the die. Means are pro- 

15 vided for measuring the force applied to the- formable 
material within the die by the force applying means 
and producing a control signal which varies in pro- 
portion to said measured force which in turn indi- 
cates the degree to which the die was filled during a 

20 given compression operation. Switching means is pro- 
vided which is responsive to the control signal and 
adapted to effect adjustment of the adjustable die 
filling means to control the weight and/ therefore, 
the amount of formable material in each of the dies. 

25 DE 198 28 004 discloses a method of achieving a 

constant pressing force during main-compression of 
tablets in a tablet press in order to obtain a reduc- 
tion of the variations of rupture strength of the 
tablets produced. The qonstant pressing force achiev-* 

30 ing process involves the use of adjustable pressing 
rollers controlled by a calculator. For each individ- 
ual compressing process for each tablet, one of the 
pressing rollers is so positioned by positive and 
negative setting that a preset maximum pressing force 

35 is kept constant for a set time. Pressing force is 
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read and regulated in real time. Furthermore, the in- 
tegral of eaid pressing force over time may be util- 
ized as control parameter for the dosing function of 
the press. 

5 US 4,680,158 disclosed a rotary pelletizing ma- 

chine comprising a rotatable matrix disc with a plu- 
rality of circumferentially distributed matrices, up- 
per and lower punches located above and below the ma- 
trix disc respectively, at least two pre -pressing 

10 elements movable relative to one another and acting 
upon the upper and lower stamps so as to pre -press 
pellets of a material, at least two main pressing 
elements movable relative to one another and acting 
upon the upper and lower stamps so as to finally 

15 press the pellets of the material, an adjusting motor 
arranged to adjust a distance between the main press- 
ing elements relative to one another, a computer de- 
vice arranged to control the adjusting motor, and a 
device for measuring a pressing force of the pre- 

20 pressing elements and supplying data of the measure- 
ment to the computer device so that the computer de- 
vice controls the adjusting motor an4 therefore the 
distance between the main pressing elements in de- 
pendence upon the measured pressing force of the pre- 

25 pressing elements. Thereby, the risk of rupture of 
the punches at the main pressing station is reduced. 

EF 0 698 481 discloses a method for the quality 
assurance for tablet production by means of pressing 
by way of influential action on the pressing force, 

30 on the weight, on the hardness and the height of the 
tablets. The method involves dividing the control 
system into five loops interconnected for operation 
in parallel- The first loop (Rl) adjusts the actual 
pressing force (PKIST) to a desired value (PKsoll) 

35 which is updated by the second loop (R2) in accor- 



MAR. 12*2004 14:59 +004543999902 INTERNATIONAL PATENT BUREAU #5702 P. 007 

* 



dance with the measured weight deviation (delta G) 
and its slope (dG/dPK) . The third and fourth . loops 
R4) update the desired step height (PKsollst) 
for deviations in size (T) and hardness (H) of tab- 
5 lets. The fifth loop (R5) alternates with the first, 
correcting deviation (delta St) of the desired step 
height from the actual force. The control system is 
preferably based on fuzzy logic. However, due to the 
five control loops involved/ this control system is 

10 complicated and consequently esq^ensive to apply. 

The object of the present invention is to pro- 
vide a method for controlling a tablet press, whereby 
the quality of the produced tablets may be controlled 
more effectively during production according to pre- 

15 set values. 

Additionally, it is an object of the present 
invention to provide a tablet press for carrying out 
such a method. 

20 Brief Summary Of The Invention 

In view of this object, the method according to 
the invention comprises the steps: 

consecutively supplying a quantity of material 
to be comp:!:essed into each die, 
25 subjecting the quantity of material located in 

each die to a pre-conpression and subsequently a 
main-compression, 

measuring, during the pre -compression of the 
quantity of material l<?cate4 in each die, a value of 
30 a first parameter representative of the weight of the 
quantity of material fed into the die, 

measuring, during the main- compress ion of the 
quantity of material located in each die, a value of 
a second parameter representative of the hardness of 
35 the tablet resulting frpm the compression. 
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regulating the quantity o£ material supplied to 
each die on the basis of a deviation between a previ- 
ously measured value of the first parameter and a 
first set value, and 
5 regulating the degree of compression that the 

quantity of material located in each die is subjected 
to during main- compression on the basis of a devia-- 
tion between a previously measured value of the sec- 
ond parameter and a second set value, 

10 By performing the regulation of the weight and 

the hardness of the tablets by means of a pre- 
compreseion and a main-compression procedure, respec- 
tively/ compared to known systems, a more precise 
regulation of both weight and hardness may be ob- 

15 tained even after a ve^ short running-in period. In 
addition, the implementation of two regular control 
loops is simple compared to known approaches and con- 
sequently much more cost effective. 

In an embodiment , said compression degree regu- 

20 lation is performed s\xbstantially independently of 
said powder quantity reflation. 

In another embodiment, said compression degree 
regulation and said powder quantity regulation are 
interrelated* 

25 In a further embodiment, said compression de-' 

gree regulation is in addition performed on the basis 
of a measured value of the first parameter. Thereby, 
it is posjsible to correct measurements of a value of 
the second parameter on the basis of fluctuations of 

30 measured values of the first parameter, whereby the 
hardness regulation may be adapted according to given 
requirements. 

In a preferred embodiment, said powder quantity 
regulation is based on a mean value of several single 

35 measured values of the first parameter, and said com- 
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pression degree regulation is based on a mean value 
of several single measured values of the second pa- 
• rameter. Thereby, fluctuations of the quantity of ma- 
terial supplied to each die will not cause the con- 
5 trol loops to overreact; instead, corrections to both 
the weight and the ha:rdness of the tablets produced 
will be based on progressive deviations registered by 
the respective control loops. 

In a further preferred embodiment, the quantity 
10 -^f^ powder fed consecutively into each die is main- 
tained constant as long as said mean value of the 
first parameter falls within preset first correction 
tolerance limits, and the degree of compression dur- 
ing main-compression of consecutive tablets is main- 
15 tained constant as long as said mean value of the 
second parameter falls within pr^^set second correc- 
tion tolerance limits. This will further prevent a 
possible tendency of the control loops to overreact, 
as,, corrections will only be performed when a measured 
20 value falls outside the preset limits. 

In an embodiment, the first parameter corre- 
sponds s\ibstantially to a thickness of a tablet dur- 
ing pre -compression of said tablet \mder substan- 
tially constant compression force. This allows a very 
25 accurate regulation of the tablet weight, because 
there exists a linear relationship between the actual 
tablet weight which is to be regulated and a measured 
value of the parameter. 

In another embodiment, the first parameter cor- 
responds substantially to the maximum compression 
force exerted by a punch on a tablet during pre- 
compression of said tablet to a predetermined tablet 
thickness. 

In an embodiment, the degree of compression 
35 during main- compression is regulated by adjusting the 
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final thickness to whjLch the tablet is. compressed. 
This regulation is simple to realize and may be per- 
formed without influencing other parameters such as 
the rotational speed of the die table. 
5 In $n embodiment, the second parameter corre- 

* spends substantially to the maximum compression force 
exerted on a tablet during main- compression of said 
tablet to a predetermined tablet thickness. This pa*- 
rameter Is quite straightforward to measure and is 
10 closely related to the resutHiang hardness of the tab- 
let. 

In another embodiment/ the second parameter 
corresponds substantially to the time interval during 
which a tablet ia compressed during main-conpreseion 

15 of said tablet. 

In an embodiment/ said powder quantity regula- 
tion is re-calibrated periodically after ascertaining 
the weight of a number of tablets ejected from the 
die table, determining the mean tablet weight of said 

20 tablets, and comparing said mean tablet weight with a 
desired tablet weight. In this way, an even more ac- 
curate control of the actual ^.resultinor tablet weight 
may be obtained. 

In an embodiment, said compression degree regu- 

25 lation is re-calibrated periodically after ascertain- 
ing the hardness of a number of tablets ejected from 
the die table, determining the mean tablet hardness 
of said tablets, and comparing said mean tablet hard- 
ness with a desired tablet hardness. In this way, an 

30 even more accurate control of the actual resulting 
tablet hardness may be obtained. 

In ^n embodiment, compressed tablets having a 
measured first parameter value falling outside preset 
first rejection tolerance limits are separated auto- 

35 matically from the remaining tablets for rejection. 
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This may ensure that individual tablets accidentally 
having a weight deviating paxrticularly from a desired 
value may be rejected. 

In an embodiment , compressed tablets having a 
5 measured second parameter value falling outside pre- 
set second rejection tolerance limits are separated 
automatically from the remaining tablet© for rejec- 
tion. This may ensure that individual tablets acci- 
dentally having a hardness deviating particularly 
10 from a desirid value may be rejected. 

In an embodiment r said method comprises the 

steps : 

consecutively supplying a quantity of a first 
material to each die^ 
15 subjecting the quantity of the first material 

located in each die to a first layer pre-compression 
and subsequently a first layer main- compress ion, dur- 
ing which first layer main- compression the first ma- 
terial is compressed to a preset thickness of a first 
20 layer of the tablet, 

siibsequently tp the first layer main- 
compression, "supplying a quantity of a second mate- 
rial to each die^ 

subjecting the quantity of material located in 
25 each die to a' second layer pre-compreasion and subse- 
quently a double layer main -compression, 

measuring, during the first layer pre- 
compression, a value of a first parameter representa- 
tive of the weight of the quantity of the first mate- 
30 rial compressed, 

regulating the quantity of the first material 
supplied to each die on the basis of a deviation be- 
tween a previously measured value of the first pa- 
rameter for the first material and a first set value 
35 for the first material, 

8 
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measuring, during the second layer pre- 
compression, a value of a first parameter svibstan- 
tially representative of the weight of the quantity 
of the second material compressed, 
5 regulating the quantity of the second material 

supplied to each die on the basis of a deviation be- 
tween a previously measured value of the first pa- 
rameter for the second material and a first set value 
for the second material, 

10 measuring, during the dovible^ilayer main- 

compression, a value of a second parameter represen- 
tative of the hardness of the total tablet resulting 
from said main-compression, 

regulating the degree of compression that the 

15 total quantity of the first material and the second 
material located in each die is subjected to during 
the double layer main- compress ion on the^ basis of a 
deviation between a previously measured value of the 
second parameter for the total double layer tablet 

20 and a second set value for the double layer tablet. 

Further, in view of the above-mentioned object, 
in the tablet press according to the invention, 

the housing comprises a feeding device for the 
supply of material to be compressed into. the dies, a 

25 tablet discharge device for removal of compressed ma- 
terial in the form of tablets, and 

at least one pre -compression station and at 
least one main- compression station, each said com- 
pression station being provided with first and second 

30 compression rollers adapted to interact with the sec- 
ond punch ends, respectively, in order to perform 
compressioni of material located in the. dies by recip- 
rocation of the punches, 

the pre-compression station comprises a weight 

35 transducer for measuring a value of a first parameter 
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representative of the weight of a quantity of mate- 

« 

rial fed into a die, 

the main-compression station comprises a hard- 
ness transducer for measuring a value of a second pa- 
5 rameter representative of the hardness of a tablet 
resulting from a compression in the main- compression 
station, 

a powder quantity regulator being provided for 
regulation of the quantity of material supplied to 

10 each die by the feeding device on the basis of a de- 
viation between a value of the first parameter previ- 
ously measured by the weight transducer and a first 
set value ^ and 

a compression degree regulator being provided 

15 for regulation of the degree of compression that the 
quantity of material located in each die is subjected 
to in the main-compression station on the basis of a 
deviation between a value of the second parameter 
previously measured by .the hardness transducer and a 

20 second set value. 

Thereby, the above-mentioned advantages may be 
achieved . 

In an embodiment,, said compression degree regu- 
lator is adapted to operate substantially independ- 
25 ently of said powder qujantity regulator. 

In another embodiment i said compression degree 
regulator and said powder quantity regulator are in- 
terrelated. 

In a further embodiment, said compression de- 
30 gree regulator is in addition adapted to regulate on 
the basis of a measured value of the first parameter. 
Thereby, the above-mentioned advantages may be 
achieved. 

In an embodiment, the powder quantity regulator 
35 is adapted to regulate the performance of the feeding 
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device on the basis of a mean value of several single 
meaoiired values of the first parameter/ and the com- 
pression degree regulator is adapted to regulate the 
performance of the main-compresaion station on the 
5 basis of a mean value of several single measured val- 
ues of the second parameter. Thereby, the above- 
mentioned advantages may be achieved. 

In an embodiment/ the powder quantity regulator 
is adapted to maintain the quantity of powder fed 

10 consecutively into each die constant ae long as siii d 
mean value of the first parameter falls within preset 
first correction tolerance limits, and the compres- 
sion degree regulator is adapted to maintain the de- 
gree of compression exerted on consecutive, tablets in 

15 the main-compression station constant as long as said 
mean value of the second parameter falls within pre- 
set second correction tolerance limits . Thereby, the 
above-mentioned advantages may be achieved. i 
In an embodiment, the first compression roller 

20 in the pre- compression station is suspended in a pis- 
ton arranged displaceably in an a.ir cylinder, said 
air cylinder being cQnnected to a supply of com- 
pressed air and associated with a regulator adapted 
to maintain a constant air pressure in the air cylin- 

25 der, and said weight transducer is adapted to measure 
the displacement of the piston in the air cylinder 
during compression of a tablet* Thereby, the first 
parameter measured by the weight transducer will cor- 
respond substantially to a thickness of a tablet dur- 

30 ing pre- compression of said tablet under substan- 
tially constant compression force. Thereby, the 
above-mentioned advantages may be achieved. 

In an embodiment, the first compression roller 
in the pre -compress ion station is adapted to be sub- 

35 8tantially fixedly positioned during con^ression, and 

11 
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said weight tranaducer is adapted to measure the 
force exerted on eaid first compreseion roller by the 
second pionch ends at compression. 

In an advantageous embodiment, the powder quan- 
5 tity regulator is adapted to regulate the quantity of 
material to be compressed in each die by adjustment 
of the position of the second punches at the feeding 
device - 

In an embodiment < at least one compression 

10 roller of the main-compression station is displace- 
able by means of a linear actuator , and the compres- 
sion degree regulator is adapted %o regulate the de- 
gree of compression performed in the main- compression 
station by adjustment of the position of said at 

15 least one compression roller of the main* compress ion 
station. Thereby, the degreiB of compression is regu- 
lated stibstantlally by adjusting the final thickness 
to which the tablet is compressed and the above- 
mentioned advantages may be achieved. 

20 In an embodiment, the first compression roller 

in the main-compression station is adapted to be sub- 
stantially fixedly positioned during qompression, and 
said hardness transducer is ' adapted to measure the 
force exerted on said first compression roller by the 

25 second punch ends at CQTnpression. Thereby, the second 
parameter may correspond substantially to the maximum 
con^ression force exerted on a tablet during main- 
coti^ression and the above-mentioned advantages may be 
achieved. 

30 In an embodiment, the tablet discharge device 

is coxmected to an automatic testing device adapted 
to ascertain the weight of a number of tablets 
ejected from the die table, determine the mean tablet 
weight of said tablets, and supply said mean tablet 

35 weight to the powder quantity regulator. Thereby, the 

12 
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above-mentioned advantages may be achieved. 

In an embodiment^ a compreesion roller of the 
pre-compreasion station is displaceable by means of a 
linear actuator, and the powder quantity regulator is 
5 adapted to adjust the position of said compression 
roller according to the mean tablet weight supplied 
by the automatic testing device. Thereby, it may be 
avoided to correct the first set value and the weight 
transducer may continuously work around a basic oper- 
^*10 ating point. 

In an embodiment, the tablet discharge device 
is connected to an automatic testing device adapted 
to ascertain the hardness of a number of tablets 
ejected from the die table, determine the mean tablet 
15 hardness of said tablets, and supply said mean tablet 
hardness to the compression degree regulator - 
Thereby, the above-mentioned advantages may be ^ 
achieved * s 

In an embodiment, the tablet discharge device * 

20 is connected to an automatic rejection device adapted 
to separate tablets having a measured first parameter 
value falling outside preset first rejection toler- 
ance limits from the remaining tablets. Thereby, the 
above-mentioned advantages may be achieved. 

25 In an embodiment « the tablet discharge device 

is connected to an automatic rejection device adapted 
to separate tablets haying a measured second parame- 
ter value falling Qutside preset second rejection 
tolerance limits from the remaining tablets. Thereby, 

30 the above-mentioned ^dv^intages may be s^chieved. 

In an embodiment, said tablet press comprises 
a first layer production section comprising a 
feeding device for a first material, a first layer 
pre-cottpression station and a first layer main- 

35 con^ression station, whereby said ntain-conipresaion 

13 
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Station is adapted for compression ot a quantity of 
the first material to a preset thickness of a first 
layer of the tablet, 

and a second layer production section conpris- 
5 ing a feeding device for a second material, a tablet 
discharge device, a second layer pre -compression sta- 
tion and a second layer main-compreaeion station, 

the first layer pre-compression station com- 
prising a weight transducer for measuring a value of 

10 a first parameter representative of the 'Weight of a 
quantity of the first material cotvpressed in the pre- 
compression station, 

a first layer powder quantity regulator being 
provided for regulation of the quantity of material 

15 supplied to each die by the feeding device on. the ba- 
sis of a deviation between a previously measured 
value of the first parameter for the first material 
and a first set value fpr the first rnaterial, ^nd 

the second layer pre -compression station com- 

20 prising a weight trwsducer for measuring a value of 
a first parameter representative of the weight of a 
quantity of the second material compressed' in the 
pre-compression station, 

a second layer powder quantity regulator being 

25 provided for regulation of the quantity of material 
supplied to each die by the feeding device on the ba- 
sis of a deviation between a previously measured 
value of the first parameter for the second material 
and a first set value fpr the second material, and 

30 the doxoble layer main-compression station com- 

prising a hardness transducer for measuring a value 
of a second parameter jcepresentative pf the hardness 
of a total tablet resulting from said main- 
compression, 

35 a double layer CQnpression degree regulator be- 
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ing provided for regulation of the degree of compres- 
sion that the total quantity of the first loaterial 
and the second material located in each die is sub- 
jected to during the double layer main-compression on 
5 the basis of a deviation between a previously meas- 
ured value of the second parameter for the total dou- 
ble layer tablet and a second set value for the dou- 
ble layer tablet, 

10 Br Description Of The Several Views Of The Drawing 

The invention will now be explained in more de- 
tail below by means of examples of embodiments with 
reference to the very schematic drawincf, in which 

Fig. 1 is a diagrammatic top view of a rotary 
15 die table of a tablet press, having associated pre- 
compression and main-compression stations r feeding de- 
vice i .tablet discharge device i tablet rejection de- 
vice , tablet testing device and control system. 

Fig. 2 is a side view of a part of the feeding 
20 device of Pig. 1, 

Fig. 3 is a side view of the pre-conqpression 
station of Fig. 1, and 

Fig. 4 id a eid^ view of the main-compressipn 
station of Fig. 1. 

25 

Detailed Description Of The Invention 

Fig. I shows in diagrammatic form an embodiment 
of a rotary tablet press with a control system accord- 
ing to the invention. The tablet press has a rotary 

30 die table 1 for compression of a feedstock in the form 
of powder or granular material into tablets, compacts 
or the like. The press is of a type suitable for use 
in the pharmaceutical industry, but the press accord- 
ing to the invention may as well be a so-called in- 

35 dust rial press employed in the production of a vari- 
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ety Of different products^ such as vitamins, pet 
food, detergents, explosives, ceramics, batteries, 
balls, bearings, nuclear fuels, etc. The abbrevia- 
tions indicated in Fig. 1 will be referred to in 
5 brackets in the following. 

The tablet press is provided with a feeding de- 
vice in the form of a well-known doxible rotary feeder 
with two not shown rotary paddles located in a feeder 
housing and driven by means of separate drive motors 

10 providing for independent speed sis t ting of the pad-=" 
dies. The feeder housing is open against the die ta- 
ble so that the paddle^; may ensure proper filling of 
the dies with feedstock. Other feeding systems may 
also be employed, such as a so-called gravity feeder 

15 or a vibration feeder. 

Fig. 2 shows a fill depth adjusting device 2 
which in this description will be considered as a part 
of the feeding device. The rotary feedejr itself is not 
shown in Fig, 2. The fill depth adjusting device 2 

20 comprises a vertically displaceable cam 3 determining 
the vertical position of lower punches 4 at the feed- 
ing device, thereby determining the fijl depth of the 
die. The fill depth determines in a manner known per 
se the quantity of material left in the dies for com- 

25 pression. The lower punches 4 have first ends 6 re- 
ceived in corresponding dies 7 of the die table 1 and 
second ends 8 sliding on the vertically displaceable 
cam 3. Upper ptmches 5 are maintained outside the dies 
7 at this stage in order to permit filling of the 

30 dies. The vertical position of the cam 3 is adjusted 
by means of a linear actuator 9 in accordance with a 
fill depth signal received from a powder quantity 
regulator shown in Fig. !• 

Fig, 3 shows a pre-conpression station 10 com- 
35 prising a lower cottpression rolle.r 11 and an upper 

16 
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cornpression roller 12. The upper con^ression roller 12 
is suspended in a pieton 13 vertically displaceable in 
an air cylinder 14. The air pressure in the air cylin- 
der 14 is maintained constant by means of a not shown 
5 regulation system. The vertical position of the pieton 
13 is measured by means of a displacement transducer 
15, such as a LVUT (Linear Variable Differential 
Transformer) • When an ypper punch 5 passes under the 
centre of the upper compression rollqr 12, the dis- 

10 placement transducer 15 measures a displacement sub- 
stantially corresponding to the thicJoiess of the tab- 
let after the pre-compression* Because the conpreseion 
is being performed with a constant force being applied 
to the upper punch 5 by means of the piston 13, the 

15 displacement measxired by the displacement transducer 
15 corresponds to the weight of the tablet compressed. 
Due to this relationship, the displacement transducer 
15 is also referred to as a weight transducer in this 
description. At each pre -compress ion of a tablet, the 

20 displacement measured by the displacement transducer 
15 is transferred in the form of a displacement signal 
to the powder quantity regulator a^d the control unit, 
see Pig. 1, 

In the control unit, the displacement signal 
25 supplied for each tablet produced is compared with 
pre -determined rejection tolerance limits defining the 
maximum acceptable deviation from a desired tablet 
weight. If the displacement signal for a tablet falls 
outside the rejection tolerance liinits, a rejection 
30 signal is sent from the control vmit to a rejection 
device associated with a tablet discharge device, and 
the tablet i.s separated from the remaining tablets, 
when it reaches the rejection device, see Fig. 1. 

In the powder quantity regulator, a rigid or 
35 floating mean value of the displacement signal for 
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several consecutive tablets is centred with a first 
set value which corresponds to a calibrated desired 
tablet weight and is received from the control xmit. 
If the deviation falls outside preset first correction 
5 tolerance limits, the fill depth signal supplied to 
the feeding device is corrected correspondingly. Said 
correction tolerance limits may be calculated auto- 
matically by a general control system on the basis of 
user defined acceptably deviations, for instance in 
icr^the form of percentage values, from the desired tablet 
weight. 

From the tablet discharge device the tablets are 
fed to an automatic testing device, for example a 
Kraemer Electronic Tablet Tester, in which the weight 

15 and hardness of a number of sample |:ablet8 are deter- 
mined periodically, and whereby corresponding weight 
and hardness signals are transferred to the control 
unit, see Fig. 1. In the control unit, the weight sig- 
nal received from the automatic testing device is com-* 

20 pared with the desired tablet weight, and on the basis 
of the deviation between these values, a bottom roller 
height signal is generated and transferred to the pre- 
compression station. In the pre-compression station, 
the bottom roller height signal is fed into a linear 

25 actuator 16, which adjusts the height of the bottom 
compression roller 11 correspondingly, see Flg« 3. In 
an alternative embodiment, the vertical position of 
the air cylinder 14 could be adjusted by means of a 
linear actuator. Ther^y# the powder quantity regula- 

30 tion loop is re-calibrated on the basis of the actual 
tablet weights of the ^anpled tablets measured by the 
automatic testing device. It should be noted that said 
re-- calibration could also be performed by adjustment 
of the first set value supplied to the powder quantity 

35 regulator by the control imit or by adjustment of the 

18 
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Otherwise constant air pressure in the air cylinder 
14. Furthermore, instead o£ using an automatic testing 
device, a number of sample tablets may be tested manu- 
allyr and a measured weight and possibly hardness may 
5 then be entered in the general control system. 

« 

Referf'ing now to Fig. 4, a main- compress ion sta- 
tion 17 comprises a bottom compression roller 18, 
which is vertically adjustable by means of a linear 
actuator 19 and is suspended in a shaft 21 provided 

10 with a strain gauge 22 by means of which a force sig- 
nal is supplied to a compression degree regulator and 
to the control unit. Furthermore, the main- conpress ion 
station 17 comprises a top compression roller 20 ver- 
tically adjustable by means of a linear actuator 23. 

15 The strain gauge 22 could, naturally, also be arranged 
at the top compression roller 20. Other suitable force 
measurement devices than a strain gauge could be em- 
ployed. The force signal is supplied by the strain 
gauge 22 in a manner know per se and corresponds to 

20 the force supplied by the bottom compression roller 18 
to the bottom punch 4 during the main- compression of 
the tablet. The compression degree regulator compares 
a rigid or floating mean value of the force signal re- 
ceived from the strain gauge 22 for several consecu- 

25 tive tablets with a ^ecpnd set value received from the 
control unit, and roller height signals based on the 
deviation between these values are . generated and 
transmitted to the msiin-con^ression station, where 
they are supplied to the linear actuator 19 and to the 

30 linear actuator 23, whereby the vertical height of the 
bottom compression roller 18 and/or the vertical 
height of the top conipression roller 20 is/are ad- 
justed accordingly. The force signal supplied to the 
control unit is, for each individual tablet, compared 

♦ 

35 with rejection hardness tolerance limits defining the 

19 
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acceptable deviation from a desired tablet hardness. 
I£ the hardness of a toUDlet falls outside the rejec- 
tion tolerance limits, a rejection signal is sent to 
the rejection device, and the tablet ie separated from 
S the remaining tablets for rejection. The transmission 
of said rejection signal could, of course, be omitted, 
if the actual hardness of individual tablets is less 
critical. The hardness signals periodically supplied 
from the automatic testing device to the control unit 

10 are coit^ar^d with the desired tablet hardness, and on 
the basis of the deviation between these values, the 
second set value supplied from the control unit to the 
compression degree regulator is corrected correspond- 
ingly, whereby the compression degree regulation loop 

15 is re -calibrated. 

In the embodiment shown in Fig. 1, the disi- 
placement signal corresponds to the previously men- 
tioned first; parameter corresponding sxibstantially to 
a thickness; of a tablet during pre- compression of 

20 said tablet under substantially constant compression 
force, and the force signal corresponds to the previ- 
ously mentioned second parameter corresponding sub- 
stantially to the maximum compression force exerted 
on a tablet during main- compress ion of said tablet to 

25 a predeteirmined tablet; thickness. The displacement 
signal and the force signal may be measured when they 
reach their maximum values, respectively, whereby the 
point in time at which a measurement is to be per- 
formed may be determined by means of proximity 

30 switches detecting the position of the die table in a 
manner known per se. Hpwever, the points in time for 
the measurements may be determined in any suitable 
way, for instance by devices coupled to the drive 
system of the die table. Furthermore, it is not a re- 

35 quirement that the first and second parameters are 
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measured exactly when they reach their maximum values 
if only the values meaeured correepond substantially 
to the weight and hardness, respectively, of the com- 
pressed tablets. 
5 Alternatively to the shown embodiment, and as 

discussed above, the first parameter corresponding 
substantia}. ly to the thickness of a tablet could also 
be measured in the form of a force signal, in which 
case the set-up for the pre-compression . station would 
10 correspond sxabstantially to that of the main- 

• • 

compresaion station shown in Fig. 4. Furthermore, the 
second parameter corresponding to the hardness of a 
compressed tablet could be measured in the form of a 
time interval during which a tablet is compressed. 

15 The compression degree regulator may/ instead of 
regulating the thickness to which a tablet is to be 
compressed, regulate the actual compression force in 
real time to obtain a constant con^jreasion force. Any 
combination of the mentioned set-ups for measurement 

20 and regul€^tion may b^ employed according to the 
situation given. 

Although the powder quantity regulator, the com- 
pression degree regulator and the control unit are 
shown as separate \xnits in the general control system, 

25 these units may be separate units communicating with 
each other or may be Qne integrated unit, such as a 
con^uter. The mentioned regulators may be hardware im- 
plemented, PLC (programmable logic controller) regula- 
tors, or software implemented. 

30 Wher^ the compression degree regulation in the 

present context is described as being performed sub- 
stantially independently of the powder quantity regu- 
lation, this should be perceived as meaning that the 
two regulation loops in that case have no inter con- 

35 nection by means of feed forward or feed backward of 
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control signals. It is not intended to mean that 
there will be no interaction between those two regu- 
lation loops- Indeed, if for instance the actual tab- 
let weight is near ^n upper correction tolerance 
5 limit, a larger force will be measured at main- 
compression than if said tablet weight were near a 
lower correction tolerance limit, and consequently 
the hardness regulation will be influenced. However, 
these fluctuations may, depending on the application, 
10 be ignored, 

Where the compression degree regulation and the 
powder quantity regulation in the present context are 
described as being interrelated, this should be per- 
ceived as meaning that at least one control signal is 

15 either fed forward or backward between the two regu- 
lation loops • For instance, if the actual tablet 
weight falls outside a first narrow tolerance inter- 
val, but within a second broader tolerance interval, 
the powder quantity regulator may not regulate the 

20 fill depth, but a correction signal may be transmit- 
ted to the compression degree regulator, thereby cor- 
recting the force value measured by the hardness 
transducer . 

The general control system conprises a user in- 
25 terface, by means of which the user may enter desired 
values for tablet weight, tablet hardness, tablet 
thickness and tolerances of these parameters* Because 
the hardness and thickness of a tablet are interre- 
lated variables, it is possible that the user instead 
30 of a desired tablet hardness, as in the examples dis- 
cussed above, may enter a desired tablet thiclcness. 
The system may then calculate the corresponding de- 
sired hardness, on the basis of which the compression 
degree will be regulated. The system may even take 
35 into account both a desired hardness and a desired 
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thickness and then calculate a compromise on the basis 
of which to regulate • The automatic testing device may 
apart from the tablet weight and the tablet hardness 
also measure the tablet thickness. All of these values 
5 may be read out by the system and utilized to survey 
the operation of the press which may be stopped in 
case that the measured variables exceed preset values. 

Obviously, the invention is equally applicable 
to so-called single sided, double sided or multi sided 

10 tablet presses. For instance, in a double sided prefes 
for the production of tablets having two layers, a 
first layer production section and a second layer 
production section, arranged along opposite sides of 
the die table, each has both a pre -compress ion sta- 

15 tion and a main- compression station. In this case,^ 
the hardness of the first layer is not regulated in 
the main-conpreseion stiation of the first layer pro-^ 
duction section, although the hardness may be sur-: 
veyed. Instead, the first layer is compressed to a 

20 fixed thickness at main-conpression in order to bet- 
ter be able to regulat;e the quantity of the second 
material supplied to each die. Similarly, in a press 
for production of tablets having more than two lay- 
ers, hardness is only regulated at main-compression 

25 in the production sectipn of the last layer. 

In a double sided press for the production of 
double layer tablets, substantially only the second 
layer is compressed at pre -compress ion subsequently 
to feeding the second layer material; therefore this 

30 is referred to as second layer pre- compression in the 
present description* At the subsequent main- 
compression a greater force is employed, so that in- 
deed both layers are compressed, which is referred to 
as double layer main- compression. 

35 In a double sided press for the production of 
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single layer tablets, two similar production sections 
are provided, arranged along opposite sides o£ the 
die table / and each has both a pre-compression sta- 
tion, a main-cotnpression station, a feeding device, 
5 iand a tablet discharge device « Each production sec- 
tion is provided with both a powder quantity regula- 
tor and a compression degree regulator. 

In the following, typical values o£ control pa- 
rameters will be given only by means of examples. 

10 These values should however in no^^way be construed as 
limiting for the scope of the invention. 

For the set-up of a single sided tablet press 
as shown in Fig. 1, a constant force Qf 10 kN is ap- 
plied to the tablets in the pre -compression station, 

15 and the first set value is set to: a displacement of 
0.2 mm. Upper and lower first correction tolerance 
limits are set to 0.22 mm and 0.18^ mm, respectively. 
A floating mean value of the me^tsured displacement 
Jor 30 consecutive tablets is createid and conpared 

20 with said limits- Upper and lower first rejection 
tolerance limits are set to 0.3 mm ajid 0,1 mm, re- 
spectively. The weight re -calibration is performed in 
the following way. When the deviation between the de- 
sired tablet weight and the measured average weight 

25 o£ a sample of 20 tabjLets is X%, the bottom roller 
height is changed with a value of X% of the total of 
the so-called pre -compression height plus the actu- 
ally measured average displacement of the piston 13 
from its rest position. The pre -compression height is 

30 defined as a theoretical distance between the first 
punch ends, occurring if these were right between the 
centres of the compression rollers without material 
in the relevant die. 

For the main-compression, the second set value 

35 is set to a force of 35 kN as a starting point, which 

24 
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will be re -calibrated periodically by means of the 
automatic testing device. IJ^per and lower second cor- 
rection tolerance limits are set to. 36*75 kN and 
33.25 kN, respectively. A floating mean value of the 
5 measured conpression force for 30 consecutive tablets 
is created and cottpared with said limits. Second ;re- 
jection tolerance limits may be set if necessary. The 
hardness re-calibration is performed in the following 
way. When the deviation between the desired tablet 

10 hardness and measured average hardness is +Y%, then 
the second set value will be changed with {-Y%}*CPFH, 
whereby CFFH is the *porrection factor force versus 
hardness". The value ojE CFFH can be determined as a 
function of the powder characteristics (granule size 

15 and distribution) , tablet characteristics (size, 
1 shape) , and compression che^racteristics (compression 
force, compression spe^d, compression ratio) and is 
] automatically determined by the tablet press control 
system. If, for instance, the actual second set value 

20 is 35 kN, and a sample of 10 tablets is measured and 
has a hardness value of 4% above the desired tablet 
hardness, and the CFFH value is 0.8, then the sec- 
ond set value will b^ changed with {-4%*0.8). The 
CFFH may be a fixed value or depend on the hardness 

25 deviations. 

In the above example, the pre-conipression may 
alternatively be regulated by means of force measure- 
ments as follows. The first set value is set to a 
force of 25 kN. Upper and lower first correction tol- 

30 erance limits are set to 25.75 kN and 24.25 kN, re- 
spectively. A floating mean value of the measured 
compression force for 30 consecutive tablets is cre- 
ated and compared with said limits. Upper and lower 
first rejection tolerance limits are set to 27.5 kN 

35 and 22.5 JcN, respect ivepLy. 

25 



